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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high heat-resistant polymer electrolyte being 
excellent in a heat-res i stance, an oxidation resistance and a conductivity. 
SOLUTION: A perfluoro based polymer compound having a functional group capable of being 
a strongly acidic cross- I inking group such as sulfonyl halide or a compound in which a 
cross- 1 inking agent having a functional group capable of being a strongly acidic cross- 
linking group such as sulfonamide at the end of a molecule is added to such perfluoro 
based polymer compound is subjected to a cross-linking reaction. Thereby, the perfluoro 
based polymer compound is cross- 1 inked by the strongly acidic cross- 1 inking group 
comprising vinyl sulfonyl imide. 
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* NOTICES * 

JPOtond NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high thermally stable polymer electrolyte characterized by constructing the 
bridge over a perf luoro system high molecular compound through a strong acid nature bridge 
formation radical. 

[Claim 2] The high thermally stable polymer electrolyte characterized by said strong acid 
nature bridge formation radical being at least one chosen from bis-sulfony I imide, sulfonyl 
carbonyl imide, bis-carbonyl imide, and bis-sulfony I methylene. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a high thermally stable polymer 
electrolyte suitable as an electrolyte membrane used for a fuel cell, water electrolysis, 
halide acid electrolysis, brine electrolysis, an oxygen enricher, a humidity sensor, a gas 
sensor, etc. in more detail about a high thermally stable polymer electrolyte. 
[0002] 

[Description of the Prior Art] Solid-state polyelectrolytes are solid-state polymeric 
materials which have electrolyte radicals, such as a sulfonic group, in a macromolecule 
chain, since it combines with specific ion firmly or they have the property which 
penetrates a cation or an anion alternatively, are fabricated a particle, fiber, or in the 
shape of film, and are used for various kinds of applications. 

[0003] For example, a polymer electrolyte fuel cell is a cell which takes out the chemical 
energy generated in case prepare the electrode of a pair in both sides of an electrolyte 
membrane, the fuel gas containing hydrogen, such as reformed gas, is supplied to one 
electrode (fuel electrode), the oxidizer gas containing oxygen, such as air, is supplied to 
the electrode (air pole) of another side and a fuel oxidizes as direct electrical energy. 
The solid-state polyelectrolyte film which has proton conductivity is used for the polymer 
electrolyte fuel eel I as an electrolyte membrane. 

[0004] Moreover, an SPE electrolytic decomposition process is an approach of manufacturing 
hydrogen and oxygen by electrolyzing water, it replaces with the conventional alkali water 
solution as an electrolyte, and the solid-state polyelectrolyte film which has proton 
conductivity is used. 

[0005] As a solid-state polyelectrolyte used for such an application, the perfluoro system 
electrolyte of not constructing [which is represented by Nafion (a trademark, Du Pont 
make) ] a bridge is known, for example. Since chemical stability is very high, the object 
for prizes of the perfluoro system electrolyte is carried out as an electrolyte membrane 
used under severe conditions, such as a fuel cell and SPE electrolysis. 

[0006] Moreover, a sulfonyl halide radical is introduced into an aromatic series polyether 
ketone, the sulfonyl halide radical and the amine system cross linking agent of the UV 
effectiveness mold which were introduced are made to react, and the bridge formation mold 
hydrocarbon system electrolyte membrane obtained by subsequently carrying out cross I inking 
reaction of the amine system cross linking agent is indicated by U.S. Pat. No. 5741408. 
[0007] Furthermore, the screw (perf I uoroa I ky I sulfonyl) imide radical is proposed by 203- 
208 pages (Journal of FluorineCemistry) of the 72nd volume (1995) of journal 0BU fluorine 
chemistry, the 145th volume (Journal of Electro-Chemical Society) of journal 0BU 
electrochemical S0SAIATI, and No. 1 (1998)107-109 page as a new acid radical. The various 
screw (perf I uoroa I ky I sulfonyl) imide polymers and screw (perf I uoroa Iky I sulfonyl) imide 
compound which present strong acid nature are reported. Moreover, the polymer which the 
sulfonyl carbonyl imide anion contained by high concentration is indicated by JP, 9- 
263637, A. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, as for the polymer electrolyte fuel 
cell, it is known that generating efficiency will become high, so that the operating 
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temperature of a cell becomes high. Moreover, although the electrode catalyst of a platinum 
system is included in the electrode joined by both sides of a solid-state polyelectrolyte, 
eveVi if platinum is the carbon monoxide of a minute amount, poisoning of it is carried out, 
and it becomes the cause of reducing the output of a fuel cell. And it is known that low 
temperature will become remarkable [ poisoning by the carbon monoxide of an electrode 
catalyst ]. 

[0009] Therefore, in the polymer electrolyte fuel cell using the gas containing the carbon 
monoxide of a minute amount, such as methanol reformed gas, as fuel gas, to make operating 
temperature high for reduction of carbon monoxide poisoning of eff icient-izing and an 
electrode catalyst is desired. 

[0010] Moreover, in water electrolysis, although total energy required for the electrolysis 
of water does not change with temperature so much, becoming so small that the minimum 
electrical potential difference required for the electrolysis of water, i.e., theoretical 
decomposition voltage, becoming an elevated temperature is known. Therefore, if heat energy 
can be supplied to a system and a electrolysis reaction can be made to perform in an 
elevated temperature from the exterior, consumption of expensive electrical energy can be 
cut down and it is advantageous in respect of effectiveness. 

[0011] However, the perfluoro system electrolyte represented by Nafion has the property for 
thermal resistance to be low in order not to construct a bridge, and to carry out a creep 
above 130 degrees C which it is near the glass transition temperature. Therefore, when a 
perfluoro system electrolyte was used for a fuel cell or an SPE electrolytic device, 
operating temperature needed to be made into 100 degrees C or less, and there was a problem 
that it could not be used at an advantageous elevated temperature in respect of prevention 
of poisoning of the electrode catalyst by the carbon monoxide or effectiveness. Moreover, 
when the perfluoro system electrolyte increased the amount of installation of an 
electrolyte radical too much in order not to construct a bridge, and to raise conductivity, 
it swelled or solubilized in water remarkably, and the membranous design degree of freedom 
was also sharply limited to it. 

[0012] on the other hand — a perfluoro system electrolyte — **** — if last thing is 
made, since a flow of a hot macromolecule chain will be controlled, it is thought to the 
formation of an elevated-temperature-proof creep of a perfluoro system electrolyte that it 
is effective. Furthermore, the design degree of freedom of conductive improvement improves, 
without solubi I izing, even if it increases the amount of installation of a membranous 
electrolyte radical according to bridge formation. However, the chemical stability of 
structure, therefore bridge formation with a principal chain are difficult for a perfluoro 
system electrolyte. 

[0013] On the other hand, if the approach currently indicated by U.S. Pat. No. 5741408 is 
diverted to some other purpose, it prepares for the perfluoro system electrolyte and a high 
electrolyte radical or a reactant electrolyte radical precursor, and a reactant amine 
system cross linking agent are made to react, it is possible to also make a perfluoro 
system electrolyte construct a bridge. However, by this approach, the amount of the 
electrolyte radical contained in a perfluoro system electrolyte decreases, and there is a 
problem that conductivity falls. 

[0014] Moreover, since parts for the principal part including a cross linking agent consist 
of hydrocarbon structures, the bridge formation mold hydrocarbon system electrolyte itself 
currently indicated by U.S. Pat. No. 5741408 does not have the oxidation resistance in an 
elevated temperature, and if it remains as it is, it cannot be used at an elevated 
temperature. 

[0015] Furthermore, it is reported to the 145th volume of journal 0BU electrochemical 
S0SAIATI, and No. 1 (1998)107-109 page by by combining the perfluoro frame of a screw 
(perf luoroalkyl sulfonyl) imide radical and Mr. Nafion that the screw (perf I uoroa I ky I 
sulfonyl) imide polymer which has the almost same proton conductivity as Nafion is 
obtained. However, since each of these compounds is compounds of the mold non-constructing 
a bridge, a problem is in thermal resistance like Nafion. Moreover, there is no example 
which applied such a functional group to bridge formation of a perfluoro system 
electrolyte. 

[0016] Moreover, since it contains a strong acid radical by high concentration, the polymer 
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(H+ type) shown in JP, 9-263637, A is fundamentally meltable in water, as an electrolyte for 
fuel cells, remains as it is before thermal resistance, and is not applicable to it. 
[0017] The technical problem which this invention tends to solve is excellent in thermal 
resistance and oxidation resistance, and is to offer the high thermally stable polymer 
electrolyte which moreover has high conductivity. 
[0018] 

[Means for Solving the Problem] The high thermally stable polymer electrolyte built over 
this invention in order to solve the above-mentioned technical problem makes it a summary 
to construct the bridge over a perf luoro system high molecular compound through a strong 
acid nature bridge formation radical. 

[0019] Here, a strong acid nature bridge formation radical means what the structure of the 
point after bridge formation constructing a bridge presents strong acid nature where water 
is included. Although what has various structures is mentioned as a bridge formation 
radical which has such a property, as a strong acid nature bridge formation radical, bis- 
sulfony I imide, sulfonyl carbonyl imide, bis-carbonyl imide, bis-sulfonyl methylene, etc. 
are suitable. In addition, it is not especially limited by the point constructing a bridge 
that what is necessary is just to be in either of the chains of a perf luoro system high 
molecular compound. 

[0020] Since the bridge is constructed over the perf luoro system high molecular compound 
through the strong acid nature bridge formation radical, a flow of a hot molecule is 
controlled and the high thermally stable polymer electrolyte concerning this invention can 
raise elevated-temperature-proof creep nature sharply. 

[0021] Moreover, since the point itself constructing a bridge is strong acid nature, even 
if it makes cross I inking density increase, electrolytic conductivity is not reduced 
greatly. Furthermore, since the macromolecule chain consists of perf luoro systems, hot 
oxidation resistance does not pose a problem, either. 

[0022] Therefore, when this is used for a fuel cell or an SPE electrolytic device, even if 
it is under a high temperature service 130 degrees C or more, it can operate to stability, 
and effectiveness can be raised by leaps and bounds. And the sag resulting from poisoning 
by the carbon monoxide of the electrode catalyst which poses a problem in the methanol- 
reforming mold fuel cell is sharply miti gable with such elevated-temperature operation. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail. The high thermally stable polymer electrolyte concerning this 
invention is equipped with the strong acid nature bridge formation radical and the 
perf luoro system high molecular compound over which the bridge was constructed through the 
strong acid nature bridge formation radical. 

[0024] Here, a strong acid nature bridge formation radical needs to mean what the structure 
of the point after bridge formation constructing a bridge presents strong acid nature as 
mentioned above, and the functional group before bridge formation does not necessarily need 
to be strong acid nature. Specifically as a strong acid nature bridge formation radical for 
making a perf luoro system high molecular compound construct a bridge, bis-sulfonyl imide (- 
S02-NH-S02-) is suitable. 

[0025] Bis-sulfonyl imide discovers high proton conductivity equivalent to Nafion by 
combining with a perf luoro frame. This is because H which the electron contributed to N-H 
coupling was pulled by F with big electronegativity, moved to the perf luoro frame side, and 
has been combined with the point constructing a bridge becomes is easy to be emitted as a 
proton by making a perf luoro system high molecular compound construct a bridge through bis- 
sulfonyl imide. 

[0026] Therefore, the strong acid nature bridge formation radical for making a perf luoro 
system giant molecule construct a bridge is not restricted to bis-sulfonyl imide, and if it 
is a bridge formation radical equipped with the structure to which it is easy to move an 
electron from the point constructing a bridge, it can turn into a "strong acid nature 
bridge formation radical" which says all by this invention. 

[0027] As other suitable examples of a strong acid nature bridge formation radical, bis- 
sulfonyl methylene (-S02-CH2-S02-) , bis-carbonyl imide (-C0-NH-C0-) , sulfonyl carbonyl 
imide (-C0-NH-S02-) , etc. are mentioned, for example. 
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[0028] Although especially the structure of the perfluoro system high molecular compound 
which constitutes a part for the principal part of the high thermally stable polymer 
electrolyte concerning this invention is not limited, especially the perfluoro system 
electrolyte polymer which has strong acid nature functional groups, such as a sulfonic 
group, a carboxy I ic-ac id radical, a bis-sulfony I imide radical, and a phosphonic acid 
radical, in a side chain, its precursor, derivative, etc. are suitable for it. Moreover, 
the macromolecule chain may have which structure of the shape of a straight chain, and the 
letter of branching. Moreover, the point constructing a bridge should just be in either of 
the chains of a perfluoro system high molecular compound. That is, the bridge may be 
constructed with the principal chain and may be constructed with the side chain. 
[0029] In addition, the polyelectrolyte excellent in thermal resistance is obtained so that 
cross I inking density becomes large in the case of this invention, but when cross I inking 
density becomes excessive, migration of water and a water molecule is barred and there is 
an inclination to reduce proton conductivity on the contrary. Therefore, cross I inking 
density should just choose the optimal value according to thermal resistance, conductivity, 
etc. which are required of a high thermally stable polymer electrolyte. 
[0030] Moreover, through one kind of strong acid nature bridge formation radical, the 
bridge may be constructed over the perfluoro system high molecular compound, or may be 
constructed over the perfluoro system high molecular compound to the high thermally stable 
polymer electrolyte concerning this invention through two or more sorts of strong acid 
nature bridge formation radicals. 

[0031] Next, the manufacture approach of the high thermally stable polymer electrolyte 
concerning this invention is explained. The high thermally stable polymer electrolyte 
concerning this invention can be obtained by carrying out cross I inking reaction of the 
perfluoro system macromolecule chains through direct or a cross linking agent. 
[0032] Therefore, it is necessary to equip the perfluoro system high molecular compound 
which constitutes a part for the principal part of a high thermally stable polymer 
electrolyte with the functional group (for this to be hereafter called "functional group 
A") which can turn into a strong acid nature bridge formation radical with a cross linking 
agent in response to either of the chains which constitute a perfluoro system high 
molecular compound. 

[0033] Specifically as a functional group A with which a perfluoro system high molecular 
compound is equipped, a sulfonyl halide radical, a carbonyl halide radical, a carboxy I ate 
radical, etc. are mentioned as an example with these suitable derivatives. Since especially 
a sulfonyl halide radical turns into a strong acid radical easily and can give high 
conductivity to an electrolyte if this is hydrolyzed even if it is the case where it is not 
consumed by bridge formation, it is suitable as a functional group A. 

[0034] moreover, as a perfluoro system high molecular compound which has such a functional 
group A concrete — tetraf luoroethy lene and a perfluoro (4-methyl -3, 6-dioxa oct-7-en) 
sulfonyl full ora — the copolymer of the id — tetraf luoroethy lene and a perfluoro (3- 
0K I SA-PENTA-4-en) sulfonyl full ora — a copolymer with the id — tetraf luoroethy lene and a 
perfluoro (4-OKISA hexa-5-en) sulfonyl full ora — a copolymer with the id — These 
derivatives, such as a copolymer of tetraf luoroethy lene and perfluoro (4-0KISA-5 HEKISE 
noil chloride), are mentioned as a suitable example. 

[0035] In addition, especially the concentration of the functional group A with which a 
perfluoro system high molecular compound is equipped is not limited, and the compound which 
has the optimal concentration should just be used for it according to thermal resistance, 
conductivity, etc. which are required of a high thermally stable polymer electrolyte. Since 
the control range of cross I inking density generally becomes large so that the concentration 
of a functional group A becomes high, there is an advantage that the various 
polyelectrolytes with which thermal resistance differs from conductivity are obtained. On 
the other hand, if the concentration of a functional group A decreases too much, 
cross I inking density will fall and thermal resistance will become inadequate, concrete — 
as the concentration of a functional group A — 4x10-3 mol/g- it is 2x10-3 mol/g - 1x10-5 
mol/g preferably 1x10 to 6 mol/g. 

[0036] Moreover, one kind of functional group A may be contained in the perfluoro system 
high molecular compound before bridge formation, or two or more sorts of functional groups 
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A may be contained in it. Furthermore, the single pert luoro system high molecular compound 
which has one sort or two sorts or more of functional groups A may be made to construct a 
bridge, or the same or two or more sorts of perf luoro system high molecular compounds 
equipped with a different functional group A may be mixed by the ratio of arbitration, and 
this may be made to construct a bridge. 

[0037] Next, a cross linking agent is explained. It is necessary to have two or more 
functional groups which it reacts with the functional group A which a perf luoro system high 
molecular compound has, and can construct a bridge into 1 molecule as a cross linking 
agent, and, moreover, at least one of them needs to use what consists of a functional group 
(this is hereafter called "functional group B") which can turn into a strong acid nature 
bridge formation radical. What is especially equipped with the two or more above functional 
groups B into one molecule is suitable as a cross linking agent. 

[0038] Specifically as a functional group B with which a cross linking agent is equipped, a 
sulfonamide radical (NH2-S02-), sulfonyl (N-trimethy Isi ly I) imide sodium salt (CH3) (3 Si-N 
(Na)-S02-), an amide group (NH2-C0-) , etc. are mentioned as an example with these suitable 
derivatives. However, even if it is not sodium about sulfonyl (N-trimethy Isi ly I) imide 
sodium salt, alkali metal, alkaline earth metal, and hydrogen are sufficient. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to a high thermally stable polymer 
electrolyte suitable as an electrolyte membrane used for a fuel cell, water electrolysis, 
halide acid electrolysis, brine electrolysis, an oxygen enricher, a humidity sensor, a gas 
sensor, etc. in more detail about a high thermally stable polymer electrolyte. 
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[Description of the Prior Art] Solid-state polyelectrolytes are solid-state polymeric 
materials which have electrolyte radicals, such as a sulfonic group, in a macromo I ecu I e 
chain, since it combines with specific ion firmly or they have the property which 
penetrates a cation or an anion alternatively, are fabricated a particle, fiber, or in the 
shape of film, and are used for various kinds of applications. 

[0003] For example, a polymer electrolyte fuel cell is a cell which takes out the chemical 
energy generated in case prepare the electrode of a pair in both sides of an electrolyte 
membrane, the fuel gas containing hydrogen, such as reformed gas, is supplied to one 
electrode (fuel electrode), the oxidizer gas containing oxygen, such as air, is supplied to 
the electrode (air pole) of another side and a fuel oxidizes as direct electrical energy. 
The solid-state polyelectrolyte film which has proton conductivity is used for the polymer 
electrolyte fuel cell as an electrolyte membrane. 

[0004] Moreover, an SPE electrolytic decomposition process is an approach of manufacturing 
hydrogen and oxygen by electrolyzing water, it replaces with the conventional alkali water 
solution as an electrolyte, and the solid-state polyelectrolyte film which has proton 
conductivity is used. 

[0005] As a solid-state polyelectrolyte used for such an application, the perfluoro system 
electrolyte of not constructing [which is represented by Naf ion (a trademark, Du Pont 
make) ] a bridge is known, for example. Since chemical stability is very high, the object 
for prizes of the perfluoro system electrolyte is carried out as an electrolyte membrane 
used under severe conditions, such as a fuel cell and SPE electrolysis. 

[0006] Moreover, a sulfonyl halide radical is introduced into an aromatic series polyether 
ketone, the sulfonyl halide radical and the amine system cross linking agent of the UV 
effectiveness mold which were introduced are made to react, and the bridge formation mold 
hydrocarbon system electrolyte membrane obtained by subsequently carrying out cross I inking 
reaction of the amine system cross linking agent is indicated by U.S. Pat. No. 5741408. 
[0007] Furthermore, the screw (perf I uoroa I ky I sulfonyl) imide radical is proposed by 203- 
208 pages (Journal of FluorineCemistry) of the 72nd volume (1995) of journal 0BU fluorine 
chemistry, the 145th volume (Journal of Electro-Chemical Society) of journal 0BU 
electrochemical S0SAIATI, and No. 1 (1998)107-109 page as a new acid radical. The various 
screw (perf I uoroa I ky I sulfonyl) imide polymers and screw (perf I uoroa I ky I sulfonyl) imide 
compound which present strong acid nature are reported. Moreover, the polymer which the 
sulfonyl carbonyl imide anion contained by high concentration is indicated by JP, 9- 
263637, A. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since the bridge is constructed over the perfluoro system high 
molecular compound through the strong acid nature bridge formation radical, a flow of a hot 
macromolecule chain is controlled and the high thermal -resistance solid-state 
polyelectrolyte concerning this invention is effective in elevated-temperature-proof creep 
nature improving. 

[0117] Moreover, since the point itself constructing a bridge is strong acid nature, even 
if it makes cross I inking density increase, it is effective in not reducing electrolytic 
conductivity. When bi s-sulfony I imide etc. is especially used as a strong acid nature bridge 
formation radical, it is effective in the electrolyte equipped with high conductivity and 
elevated-temperature-proof creep nature being obtained by combining with a perfluoro frame. 

[0118] Furthermore, since the macromolecule chain consists of perfluoro systems, it is 
effective in the high thermally stable polymer electrolyte excellent in hot oxidation 
resistance being obtained. 

[0119] As mentioned above, since the high thermally stable polymer electrolyte concerning 
this invention is excellent in thermal resistance, oxidation resistance, and conductivity, 
when this is applied to for example, the fuel cell for mount, or an SPE electrolytic 
device, it contributes to improvement, eff icient-izing, etc. of fuel consumption, and it is 
very large invention of the effectiveness on industry. 



[Translation done. ] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, as for the polymer electrolyte fuel 
cell, it is known that generating efficiency will become high, so that the operating 
temperature of a cell becomes high. Moreover, although the electrode catalyst of a platinum 
system is included in the electrode joined by both sides of a solid-state polyelectrolyte, 
even if platinum is the carbon monoxide of a minute amount, poisoning of it is carried out, 
and it becomes the cause of reducing the output of a fuel cell. And it is known that low 
temperature will become remarkable [ poisoning by the carbon monoxide of an electrode 
catalyst 3. 

[0009] Therefore, in the polymer electrolyte fuel cell using the gas containing the carbon 
monoxide of a minute amount, such as methanol reformed gas, as fuel gas, to make operating 
temperature high for reduction of carbon monoxide poisoning of eff icient-izing and an 
electrode catalyst is desired. 

[0010] Moreover, in water electrolysis, although total energy required for the electrolysis 
of water does not change with temperature so much, becoming so small that the minimum 
electrical potential difference required for the electrolysis of water, i.e., theoretical 
decomposition voltage, becoming an elevated temperature is known. Therefore, if heat energy 
can be supplied to a system and a electrolysis reaction can be made to perform in an 
elevated temperature from the exterior, consumption of expensive electrical energy can be 
cut down and it is advantageous in respect of effectiveness. 

[0011] However, the perfluoro system electrolyte represented by Naf ion has the property for 
thermal resistance to be low in order not to construct a bridge, and to carry out a creep 
above 130 degrees C which it is near the glass transition temperature. Therefore, when a 
perfluoro system electrolyte was used for a fuel cell or an SPE electrolytic device, 
operating temperature needed to be made into 100 degrees C or less, and there was a problem 
that it could not be used at an advantageous elevated temperature in respect of prevention 
of poisoning of the electrode catalyst by the carbon monoxide or effectiveness. Moreover, 
when the perfluoro system electrolyte increased the amount of installation of an 
electrolyte radical too much in order not to construct a bridge, and to raise conductivity, 
it swelled or solubi I ized in water remarkably, and the membranous design degree of freedom 
was also sharply limited to it. 

[0012] on the other hand — a perfluoro system electrolyte — **** — if last thing is 
made, since a flow of a hot macromolecule chain will be controlled, it is thought to the 
formation of an elevated-temperature-proof creep of a perfluoro system electrolyte that it 
is effective. Furthermore, the design degree of freedom of conductive improvement improves, 
without solubi I i zing, even if it increases the amount of installation of a membranous 
electrolyte radical according to bridge formation. However, the chemical stability of 
structure, therefore bridge formation with a principal chain are difficult for a perfluoro 
system electrolyte. 

[0013] On the other hand, if the approach currently indicated by U.S. Pat. No. 5741408 is 
diverted to some other purpose, it prepares for the perfluoro system electrolyte and a high 
electrolyte radical or a reactant electrolyte radical precursor, and a reactant amine 
system cross linking agent are made to react, it is possible to also make a perfluoro 
system electrolyte construct a bridge. However, by this approach, the amount of the 
electrolyte radical contained in a perfluoro system electrolyte decreases, and there is a 
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iroblem that conductivity fails. 

0014] Moreover, since parts for the principal part including a cross linking agent consist 
>f hydrocarbon structures, the bridge formation mold hydrocarbon system electrolyte itself 
;urrently indicated by U.S. Pat. No. 5741408 does not have the oxidation resistance in an 
ilevated temperature, and if it remains as it is, it cannot be used at an elevated 
:emperature. 

[0015] Furthermore, it is reported to the 145th volume of journal OBU electrochemical 
JOSAIATI, and No. 1 (1998)107-109 page by by combining the perfluoro frame of a screw 
(perf luoroalky I sulfonyl) imide radical and Mr. Nafion that the screw (perf luoroalkyl 
sulfonyl) imide polymer which has the almost same proton conductivity as Nafion is 
obtained. However, since each of these compounds is compounds of the mold non-constructing 
a bridge, a problem is in thermal resistance like Nafion. Moreover, there is no example 
vhich applied such a functional group to bridge formation of a perfluoro system 
3lectrolyte. 

[0016] Moreover, since it contains a strong acid radical by high concentration, the polymer 
(H+ type) shown in JP. 9-263637, A is fundamentally meltable in water, as an electrolyte for 
fuel cells, remains as it is before thermal resistance, and is not applicable to it. 
[0017] The technical problem which this invention tends to solve is excellent in thermal 
resistance and oxidation resistance, and is to offer the high thermally stable polymer 
alectrolyte which moreover has high conductivity. 
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MEANS 



[Means for Solving the Problem] The high thermally stable polymer electrolyte built over 
this invention in order to solve the above-mentioned technical problem makes it a summary 
to construct the bridge over a perf luoro system high molecular compound through a strong 
acid nature bridge formation radical. 

[0019] Here, a strong acid nature bridge formation radical means what the structure of the 
point after bridge formation constructing a bridge presents strong acid nature where water 
is included. Although what has various structures is mentioned as a bridge formation 
radical which has such a property, as a strong acid nature bridge formation radical, bis- 
sulfony I imide, sulfonyl carbonyl imide, bis-carbonyl imide, bis-sulfonyl methylene, etc. 
are suitable. In addition, it is not especially limited by the point constructing a bridge 
that what is necessary is just to be in either of the chains of a perf luoro system high 
molecular compound. 

[0020] Since the bridge is constructed over the perf luoro system high molecular compound 
through the strong acid nature bridge formation radical, a flow of a hot molecule is 
controlled and the high thermally stable polymer electrolyte concerning this invention can 
raise elevated-temperature-proof creep nature sharply. 

[0021] Moreover, since the point itself constructing a bridge is strong acid nature, even 
if it makes cross I inking density increase, electrolytic conductivity is not reduced 
greatly. Furthermore, since the macromo I ecu I e chain consists of perf luoro systems, hot 
oxidation resistance does not pose a problem, either. 

[0022] Therefore, when this is used for a fuel cell or an SPE electrolytic device, even if 
it is under a high temperature service 130 degrees C or more, it can operate to stability, 
and effectiveness can be raised by leaps and bounds. And the sag resulting from poisoning 
by the carbon monoxide of the electrode catalyst which poses a problem in the methanol- 
reforming mold fuel cell is sharply mi ti gable with such elevated-temperature operation. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail. The high thermally stable polymer electrolyte concerning this 
invention is equipped with the strong acid nature bridge formation radical and the 
perf luoro system high molecular compound over which the bridge was constructed through the 
strong acid nature bridge formation radical. 

[0024] Here, a strong acid nature bridge formation radical needs to mean what the structure 
of the point after bridge formation constructing a bridge presents strong acid nature as 
mentioned above, and the functional group before bridge formation does not necessarily need 
to be strong acid nature. Specifically as a strong acid nature bridge formation radical for 
making a perf luoro system high molecular compound construct a bridge, bis-sulfonyl imide (- 
S02-NH-S02-) is suitable. 

[0025] Bis-sulfonyl imide discovers high proton conductivity equivalent to Nafion by 
combining with a perf luoro frame. This is because H which the electron contributed to N-H 
coupling was pulled by F with big electronegativity, moved to the perf luoro frame side, and 
has been combined with the point constructing a bridge becomes is easy to be emitted as a 
proton by making a perf luoro system high molecular compound construct a bridge through bis- 
sulfonyl imide. 

[0026] Therefore, the strong acid nature bridge formation radical for making a perf luoro 
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system giant molecule construct a bridge is not restricted to bis-sulfonyl imide, and if it 
is a bridge formation radical equipped with the structure to which it is easy to move an 
electron from the point constructing a bridge, it can turn into a "strong acid nature 
bridge formation radical" which says all by this invention. 

[0027] As other suitable examples of a strong acid nature bridge formation radical, bis- 
sulfonyl methylene (-S02-CH2-S02-) , bis-carbonyl imide (-C0-NH-C0-) , sulfonyl carbonyl 
imide (-C0-NH-S02-) , etc. are mentioned, for example. 

[0028] Although especially the structure of the perfluoro system high molecular compound 
which constitutes a part for the principal part of the high thermally stable polymer 
electrolyte concerning this invention is not limited, especially the perfluoro system 
electrolyte polymer which has strong acid nature functional groups, such as a sulfonic 
group, a carboxy I ic-acid radical, a bis-sulfonyl imide radical, and a phosphonic acid 
radical, in a side chain, its precursor, derivative, etc. are suitable for it. Moreover, 
the macromo I ecu I e chain may have which structure of the shape of a straight chain, and the 
letter of branching. Moreover, the point constructing a bridge should just be in either of 
the chains of a perfluoro system high molecular compound. That is, the bridge may be 
constructed with the principal chain and may be constructed with the side chain. 
[0029] In addition, the polyelectrolyte excellent in thermal resistance is obtained so that 
cross I inking density becomes large in the case of this invention, but when cross I inking 
density becomes excessive, migration of water and a water molecule is barred and there is 
an inclination to reduce proton conductivity on the contrary. Therefore, cross I inking 
density should just choose the optimal value according to thermal resistance, conductivity, 
etc. which are required of a high thermally stable polymer electrolyte. 
[0030] Moreover, through one kind of strong acid nature bridge formation radical, the 
bridge may be constructed over the perfluoro system high molecular compound, or may be 
constructed over the perfluoro system high molecular compound to the high thermally stable 
polymer electrolyte concerning this invention through two or more sorts of strong acid 
nature bridge formation radicals. 

[0031] Next, the manufacture approach of the high thermally stable polymer electrolyte 
concerning this invention is explained. The high thermally stable polymer electrolyte 
concerning this invention can be obtained by carrying out cross I inking reaction of the 
perfluoro system macromo I ecu I e chains through direct or a cross linking agent. 
[0032] Therefore, it is necessary to equip the perfluoro system high molecular compound 
which constitutes a part for the principal part of a high thermally stable polymer 
electrolyte with the functional group (for this to be hereafter called "functional group 
A") which can turn into a strong acid nature bridge formation radical with a cross linking 
agent in response to either of the chains which constitute a perfluoro system high 
molecular compound. 

[0033] Specifically as a functional group A with which a perfluoro system high molecular 
compound is equipped, a sulfonyl halide radical, a carbonyl halide radical, a carboxylate 
radical, etc. are mentioned as an example with these suitable derivatives. Since especially 
a sulfonyl halide radical turns into a strong acid radical easily and can give high 
conductivity to an electrolyte if this is hydrolyzed even if it is the case where it is not 
consumed by bridge formation, it is suitable as a functional group A. 

[0034] moreover, as a perfluoro system high molecular compound which has such a functional 
group A concrete — tetraf luoroethy lene and a perfluoro (4-methyl -3, 6-dioxa oct-7-en) 
sulfonyl full ora — the copolymer of the id — tetraf luoroethy lene and a perfluoro (3- - 
0KISA-PENTA-4-en) sulfonyl full ora — a copolymer with the id — tetraf luoroethy lene and a 
perfluoro (4-0KISA hexa-5-en) sulfonyl full ora — a copolymer with the id — These 
derivatives, such as a copolymer of tetraf luoroethy lene and perfluoro (4-0KISA-5 HEKISE 
noil chloride), are mentioned as a suitable example. 

[0035] In addition, especially the concentration of the functional group A with which a 
perfluoro system high molecular compound is equipped is not limited, and the compound which 
has the optimal concentration should just be used for it according to thermal resistance, 
conductivity, etc. which are required of a high thermally stable polymer electrolyte. Since 
the control range of cross I inking density generally becomes large so that the concentration 
of a functional group A becomes high, there is an advantage that the various 
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polyelectrolytes with which thermal resistance differs from conductivity are obtained. On 
the other hand, if the concentration of a functional group A decreases too much, 
cross I inking density will fall and thermal resistance will become inadequate, concrete — 
as the concentration of a functional group A — 4x10-3 mol/g- it is 2x10-3 mol/g - 1x10-5 
mol/g preferably 1x10 to 6 mol/g. 

[0036] Moreover, one kind of functional group A may be contained in the perf luoro system 
high molecular compound before bridge formation, or two or more sorts of functional groups 
A may be contained in it. Furthermore, the single perf luoro system high molecular compound 
which has one sort or two sorts or more of functional groups A may be made to construct a 
bridge, or the same or two or more sorts of perf luoro system high molecular compounds 
equipped with a different functional group A may be mixed by the ratio of arbitration, and 
this may be made to construct a bridge. 

[0037] Next, a cross linking agent is explained. It is necessary to have two or more 
functional groups which it reacts with the functional group A which a perf luoro system high 
molecular compound has, and can construct a bridge into 1 molecule as a cross linking 
agent, and, moreover, at least one of them needs to use what consists of a functional group 
(this is hereafter called "functional group B") which can turn into a strong acid nature 
bridge formation radical. What is especially equipped with the two or more above functional 
groups B into one molecule is suitable as a cross linking agent. 

[0038] Specifically as a functional group B with which a cross linking agent is equipped, a 
sulfonamide radical (NH2-S02-) , sulfonyl (N-trimethy Isi lyl) i mi de sodium salt (CH3) (3 Si-N 
(Na)-S02-), an amide group (NH2-C0-) , etc. are mentioned as an example with these suitable 
derivatives. However, even if it is not sodium about sulfonyl (N-trimethy Isi lyl) imide 
sodium salt, alkali metal, alkaline earth metal, and hydrogen are sufficient. 
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EXAMPLE 

[Example] (Example 1) First according to the following procedures, the cross linking agent 
was compounded, first — as the raw material of a cross linking agent — the end of both 
ends — a sulfonyl full ora — the id — the perfluoro -1 and 4-disulfo nil FURUORAIDO 
butane which have a radical were used. The chemical formula of perfluoro -1 and 4-disulfo 
nil FURUORAIDO butane is shown in the formula (n is 4) of next ** 9. 
[0069] 
[Formula 9] 

F SO 2 (~CF 2 -) SO 2 F 

[0070] Next, at -78 degrees, the perfluoro -1 and 4-disulfo nil FURUORAIDO butane which are 
shown in the formula of ** 9 were added into the liquid ammonia of an excessive amount, and 
were sulfonamide-ized. Subsequently, after returning to the room temperature and removing 
ammonia, hydrogen chloride gas was made to act and the perfluoro -1 and 4-disulfon amide 
butane which have a sulfonamide radical in the end of both ends were compounded. The 
chemical formula of the obtained perfluoro -1 and 4-disulfon amide butane is shown in the 
formula of next ** 10. 
[0071] 

[Formula 10] 

NH 2 SO z (-CF 2 -) S0 2 NH 2 

[0072] Next, dissolved the sulfonamide compound shown in the formula of ** 10 in the 
methanol, the equivalent sodium MET0KI side was made to act, and sulfonamide sodium salt 
was compounded. The chemical formula of the obtained sulfonamide sodium salt is shown in 
the formula of next ** 11. 
[0073] 

[Formula 11] 

NaNHSOg [-CF 2 -) SO 2 N H N a 

[0074] Furthermore, to the sulfonamide sodium salt shown in the formula of ** 11, the 
hexamethyldisi lazane of an amount was made to act at reflux temperature 1.2 times in an 
acetonitr i le, and the target cross linking agent was compounded. The chemical formula of 
the obtained cross linking agent is shown in the formula of next ** 12. 
[0075] 

[Formula 12] 

Me 3 S i -N(Na)S0 2 ("C F 2 -}— S O 2 N (N a) - S i Me 3 

[0076] Next, crossl inking reaction was performed according to the following procedures, the 
perfluoro system sulfonyl full ora which is an electrolyte precursor before hydrolysis at 
the perfluoro system high molecular compound used as the raw material of a high thermally 
stable polymer electrolyte —the id — the film (this is hereafter called "PFSF film") was 
used, the sulfonyl full ora of this PFSF film — the id — the concentration (polymer 1g 
the inner number of mo I) of a radical is 9.07x10 to 4 moi/g, and thickness is 50 
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licrometers. The chemical formula of the PFSF film used for crossl inking reaction is shown 

n the formula of next ** 13. 

0077] 

Formula 13] 

+CF 2 ^CF 2 ^CF 2 -CF-)— 

0 
I 



CF-CF 3 

0 
I 

CFo 
I 

CF 2 
S O 2 F 

[0078] first, the sulfonyl full or a contained in the PFSF film shown in the formula of ** 
13 — the id — the cross linking agent which corresponds to ten-mo I % (it is 20-mol% in the 
functional -group base in a cross linking agent) to a radical was dissolved into the 
acetonitri le. Subsequently, the PFSF film was immersed into the acetonitrile in which the 
3ross linking agent was dissolved, and it heated as it is for 20 hours, and considered as 
the bridge formation film. 

[0079] next, the sulfonyl full ora which heat-treats the obtained bridge formation film at 
90 degrees C in a sodium-hydroxide water solution 25%, and hydrolyzes and remains — the id 
— the radical was changed into the sulfonic-acid sodium group. Furthermore, reflux 
processing of 1 hour was repeated twice in 1-N sulfur ic-ac id water solution, and the 
polyelectrolyte film (this is hereafter called "strong acid nature bridge formation 
electrolyte membrane") over which the bridge was constructed by the strong acid nature 
bridge formation radical was obtained by changing into a proton mold. The chemical formula 
of the obtained strong acid nature bridge formation electrolyte membrane is shown in the 
formula of next ** 14. 
[0080] 

[Formula 14] 
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[0081] In addition, ** 14 formula shows typically the condition that p of n side chains 
which are carrying out the polymerization to the principal chain which consists of 
tetraf luoroethy I ene were consumed by bridge formation. Moreover, the part shown with the 
wavy line sketches the perfluoro system macromolecule chain which has the same structure as 
the formula of ** 13 among ** 14 type. 

[0082] (Example 2) a sulfonyl full ora — the id — according to the same procedure as an 
example 1, the strong acid nature bridge formation electrolyte membrane was produced to the 
radical except having used the one-mo I % of cross linking agent (it being two-mo I % in the 
functional -group base). 

[0083] (Example 3) a sulfonyl full ora — the id — according to the same procedure as an 
example 1, the strong acid nature bridge formation electrolyte membrane was produced except 
having used the 20-mol % of cross linking agent (it being 40-mol% in the functional -group 
base) to the radical. 

[0084] (Example 4) a sulfonyl full ora — the id — according to the same procedure as an 
example 1, the strong acid nature bridge formation electrolyte membrane was produced except 
having used the PFSF film whose concentration of a radical is 1.25x10-3 mol/g. 
[0085] (Example 5) as a cross linking agent — 3 (CH3) Si-N (Na)-Si (CH3)3 — a sulfonyl 
full ora — the id — a radical — receiving — ten-mo I % — according to the same procedure 
as an example 3, the strong acid nature bridge formation electrolyte membrane was produced 
except having used. 

[0086] (Example 1 of a comparison) without it makes the PFSF film (however, a sulfonyl full 
ora id concentration: 9. 07x10-4 mol/g of a radical, thickness : 50 micrometers) construct a 
bridge — as it is — 25% sodium-hydroxide water solution — 90 degrees C — heat-treating 
— hydrolyzing — a sulfonyl full ora — the id — the radical was changed into the 
sulfonic-acid sodium group. Furthermore, reflux processing of 1 hour was repeated twice in 
1-N sulfuric-acid water solution, and the electrolyte membrane (this is hereafter called 
"electrolyte membrane non-constructing a bridge") of the mold non-constructing a bridge was 
obtained by changing into a proton mold. 

[0087] (Example 2 of a comparison) The perfluoro system bridge formation film was produced 
using the approach similar to the bridge formation approach indicated by U.S. Pat. No. 
57414087. That is, p-amino thinner MIKKU ester (20-mol% [ as opposed to / Sulfonyl full ora 
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id / a radical ]) was made to react to the PFSF film (however, a sulfonyl full ora id 
concentration: 9. 07x10-4 mol/g of a radical, thickness : 50 micrometers). 
[0088] Then, UV irradiation was carried out to the obtained film, and p-amino thinner MIKKU 
ester was made to construct a bridge, and it considered as the bridge formation film, 
subsequently, the obtained bridge formation film — 25% sodium-hydroxide water solution — 
90 degrees C — heat-treating — hydrolyzing — a sulfonyl full ora — the id — the 
radical was changed into the sulfonic-acid sodium group. Furthermore, reflux processing of 
1 hour was repeated twice in 1-N sulfur ic-ac id water solution, and the polyel ectrolyte film 
(this is hereafter called "non-strong acid nature bridge formation electrolyte membrane") 
over which the bridge was constructed by the non-strong acid nature bridge formation 
radical was obtained by changing into a proton mold. 

[0089] (Example 3 of a comparison) a sulfonyl full ora — the id — according to the same 
procedure as the example 2 of a comparison, the non-strong acid nature bridge formation 
electrolyte membrane was produced to the radical except having used two-mo I % p-amino 
thinner MIKKU ester. 

[0090] (Example 4 of a comparison) a sulfonyl full ora — the id — according to the same 
procedure as the example 2 of a comparison, the non-strong acid nature bridge formation 
electrolyte membrane was produced to the radical except having used 40-mol% p-amino thinner 
MIKKU ester. 

[0091] (Example 5 of a comparison) a sulfonyl full ora — the id — according to the same 
procedure as the example 1 of a comparison, the electrolyte membrane non-constructing a 
bridge was produced except having used the PFSF film whose concentration of a radical is 
1.25x10-3 mol/g. 

[0092] (Example 6 of a comparison) According to the example 1 of JP, 9-263637, A, the polymer 
which has a unit (-S02CF2C0NL i -) was compounded, the ion exchange was carried out to the 
pan with 1M sulfuric acid, the polymer of a mold (-S02CF2C0NH-) was obtained, and the 
solubility over water was investigated. 

[0093] The conductivity of the equivalent weight and the film showing the weight of the 
polymer per 1Eq of acids and the creep resistance in 200 degrees C were evaluated about the 
strong acid nature bridge formation electrolyte membrane obtained in the examples 1-5, the 
electrolyte membrane obtained in the examples 1 and 5 of a comparison non-constructing a 
bridge, and the non-strong acid nature bridge formation electrolyte membrane obtained by 
the list in the examples 2-4 of a comparison. Moreover, the solubility over the water was 
investigated about the example 6 of a comparison. In addition, the creep test approach is 
as follows at the measuring method of equivalent weight and conductivity, and a list. 
[0094] Measurement of equivalent weight: 1 evening vacuum drying of the obtained film was 
first carried out at 100 degrees C, and membranous dry weight (Wdry) was measured. 
Subsequently, after it was immersed for about 10 minutes at 50 degrees C into IN HCI water 
solution and ion exchange water washed the dried film, it was immersed for about 10 minutes 
at 50 degrees C into 2N NaCI water solutions. Furthermore, the neutralization titration of 
the amount of hydrogen ions emitted into the NaCI water solution was carried out using 
1NNa0H water solution, and membranous equivalent weight was found by the several 1 
following formula. In addition, MCI automatic titrator GT-05 were used for the 
neutralization titration. 
[0095] 

[Equation 1] (Equivalent weight) =Wdry/fxNxV, however Wdry : Membranous dry weight (g) 
f :Na0H Factor N of a water solution : Normality of a NaOH water solution (N) 
V : volume of the NaOH water solution which neutralization took (I) 

[0096] Measurement of conductivity: It was immersed into pure water as pretreatment, the 
obtained film was cut down in the state of swelling by width-of-face [ of 1cm ] x die 
length of 1.2cm, and the conductivity measurement eel of two terminals was equipped with 
it. In addition, the platinum foil which carried out platinum black plating for the 
improvement in contact with the film was used for the current and the electrical-potential- 
difference terminal of a cel. 

[0097] Subsequently, this eel was sunk into 25-degree C pure water, and it asked for 
membrane resistance with the alternating current anodizing process (10kHz of test 
frequencies) using the LCR meter ( 4262made from YHP A LCR METER), and asked for 
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conductivity (sigma) by the several 2 following formula. In addition, the value measured by 

the micrometer was used for thickness after conductivity measurement. 

[0098] 

[Equation 2] Sigma=l/R-A=l/R-w-t, however sigma: Conductivity (S/cm) 
R: Resistance (omega) 

I: Distance between electrical -potential-difference terminals (= 1) 
A: The membranous cross section (cm2) 
t: Thickness (cm) 
w: Fi Im width (cm) 

[0099] The creep test-proof in 200 degrees C: The spindle was hung on the film, it exposed 
to the 200-degree C ambient atmosphere, and the time amount from which the film is extended 
and die length doubles was measured so that a load might become 100 ton/m2. 
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[Procedure revision] 

[Filing Date] February 1, Heisei 13 (2001. 2.1) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[I tern (s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The high thermally stable polymer electrolyte characterized by constructing the 
bridge over a perfluoro system high molecular compound through a strong acid nature bridge 
formation radical. 

[Claim 2] The high thermally stable polymer electrolyte according to claim 1 characterized 
by said strong acid nature bridge formation radical being at least one chosen from bis- 
sulfonyl imide, sulfonyl carbonyl imide, bis-carbonyl imide, and bis-sulfonyl methylene. 
[Claim 3] The electrochemistry device using a high thermally stable polymer electrolyte 
according to claim 1 or 2. 

[Claim 4] The fuel cell using a high thermally stable polymer electrolyte according to 
claim 1 or 2. 

[Claim 5] Water electrolysis equipment using a high thermally stable polymer electrolyte 
according to claim 1 or 2. 
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[Claim 6] The halide acid electrolytic device using a high thermally stable polymer 
electrolyte according to claim 1 or 2. 

[Claim 7] Brine electrolysis equipment using a high thermally stable polymer electrolyte 
according to claim 1 or 2. 

[Claim 8] The hydrogen and/or the oxygen enricher using a high thermally stable polymer 
electrolyte according to claim 1 or 2. 

[Claim 9] The humidity sensor using a high thermal ly stable polymer electrolyte according 
to claim 1 or 2. 

[Claim 10] The gas sensor using a high thermally stable polymer electrolyte according to 

claim 1 or 2. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[I tern (s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Title of the Invention] A high thermally stable polymer electrolyte and the 

electrochemistry device using this 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[I tern (s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Field of the Invention] This invention relates to the electrochemistry device using a high 

thermally stable polymer electrolyte and this suitable as an electrolyte membrane used for 

a fuel cell, water electrolysis equipment, a halide acid electrolytic device, brine 

electrolysis equipment, hydrogen and/or an oxygen enricher, a humidity sensor, a gas 

sensor, etc. in more detail about the electrochemistry device which used a high thermally 

stable polymer electrolyte and this. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[I tern (s) to be Amended] 0115 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0115] The application of the high thermally stable polymer electrolyte concerning this 
invention is not limited to a fuel cell or an SPE electrolytic device, can be used also as 
an electrolyte used for various kinds of electrochemistry devices, such as a halide acid 
electrolytic device, brine electrolysis equipment, hydrogen and/or an oxygen enricher, a 
humidity sensor, and a gas sensor, and, thereby, can acquire the same effectiveness as the 
gestalt of the above-mentioned implementation from the above thing. 
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